last detected in 1995 in pigs, and in 2002 it was diagnosed in two camels from the Prague zoological garden (Pavlik et al., 2002e) . Among the isolated members of Mycobacterium tuberculosis complex M. caprae was identified in cattle in the last outbreak, in one farmed red deer (Cervus elaphus) in 1999 and in two camels in 2002 (Pavlik et al., 2002c,e; Erler et al., 2004) .
With respect to this favourable situation, the Czech Republic was included among states of the European Union that are officially free from bovine tuberculosis (Anonymous, 2004) on March, 31, 2004 . For the first time in recent history general skin testing for bovine tuberculosis was cancelled; nowadays it is only performed in animals prior to transport. However, despite the favourable epizootiological situation in the Czech Republic, tuberculous lesions caused by other pathogens were detected in the lymph nodes from cattle and pigs during the entire post-elimination period. The results of the assessment of incidence of tuberculous lesions in animals between 1990 and 1999, show that M. a. avium prevailed among the isolates from cattle (Pavlik et al., 2002d; . The main source was predominantly free living birds and less frequently small terrestrial mammals (Fischer et al., 2000) . Standardized IS901 RFLP analysis of mycobacterial isolates revealed wide heterogeneity of M. a. avium. This provides evidence that a wide spectrum of sources exist in the Czech Republic. The causative agent of paratuberculosis M. a. paratuberculosis was isolated from one mesenterial lymph node from one animal .
Some of the primo-isolates showing combined serotypes of both subspecies M. a. avium and M. a. hominissuis were cloned to independent colonies. IS901 RFLP analysis of M. a. avium and IS1245 standardized RFLP analysis (Van Soolingen et al., 1998) of M. a. hominissuis isolates showed that some of the animals were simultaneously infected with both these subspecies .
In contrast, M. a. hominissuis isolated from external environment in particular , was most frequently isolated from pigs . Between the years 1990 and 1999, incidence of tuberculous lesions in lymph nodes from pigs increased in three periods. In the early 1990s, it was mainly avian tuberculosis that was recorded in herds, which was likely to be in association with transformed agriculture. The following increase in 1995 was principally caused by the use of deep bedding containing sawdust and other wood waste. Various enzymes (such as Envistim) were applied for the biological degradation of wooden material; however, those were not able to devitalise or prevent propagation of atypical mycobacteria, which were subsequently isolated from samples of saw dust, deep litter, and lymph nodes of pigs with tuberculous lesions .
The last increase in the incidence of tuberculous lesions was recorded in pigs, between the years 1998 and 1999, when piglets started to be fed diets containing peat as a supplement. Peat was contaminated with atypical mycobacteria (particularly M. a. hominissuis) and reached up to 70 to 80% as detected in our previous study . IS1245 RFLP analysis revealed that the isolates of identical RFLP type were detected both in peat fed as a supplement and lymph nodes from pigs (Matlova et al., 2005) .
From an epizootiological aspect, it is necessary to constantly monitor the occurrence of tuberculous lesions in cattle. Therefore, our attention was concentrated on the evaluation of statistical data obtained by intravital and post-mortem examinations of animals between 2000 and 2004. We likewise focused on the identification of the causative agents of tuberculous lesions. Last, but not least, it was also necessary to evaluate the results of skin tests with bovine and avian tuberculins performed on cattle because general tuberculin skin tests with bovine tuberculin in cattle have been discontinued since January, 1, 2005 due to the favourable epidemiologic situation.
The purpose of the present study was to analyse the results of intravital and post-mortem diagnosis of bovine tuberculosis in cattle and pigs between 2000 and 2004. same tuberculin types were used, however the concentration was increased 28 000 TU/ml and the dose was reduced to 0.1 ml. The results obtained after a simple tuberculin skin test with bovine tuberculin were described previously (Pavlik et al., 2002d) . To summarise: under single intradermal tuberculin testing with bovine tuberculin, a reaction number (RN) higher than or equal to 4.0 mm was considered a positive reaction, an RN between 2.0 and 3.9 mm as doubtful and a reaction number less than 1.9 mm as negative.
MATERIAL AND METHODS

Sources of statistical data
When a positive or dubious response to bovine tuberculin was investigated, bovine and avian tuberculin were concurrently used in simultaneous tuberculin skin tests performed at least 42 days apart. The results were described and explained in our previous study (Pavlik et al., 2002d) .
Summary: Positive: reaction to bovine tuberculin exceeded by more than 4 mm the reaction to avian tuberculin and clinical symptoms did not appear at the point of application of the bovine tuberculin (diffuse or widespread swelling, exudation, necrosis, soreness or an infectious reaction of corresponding lymph vessels or lymph nodes).
Doubtful: reaction to bovine tuberculin was positive or doubtful and reaction was not more than 4 mm greater than the reaction to avian tuberculin and none of the above-mentioned clinical symptoms appeared.
Negative: reaction to bovine tuberculin was positive, doubtful or negative, but the reaction was the same or less than to avian tuberculin and in both cases none of the above-mentioned clinical symptoms were found.
Histopathology. A total of 62 samples of the lymph nodes (23 from cattle and 39 from pigs) with tuberculous lesions were formalin fixed, embedded in paraffin blocks, and stained by Ziehl-Neelsen (ZN) technique. Histological samples were observed by light microscopy (microscope Olympus B17, Japan).
Veterinary-meat inspection of cattle
Cattle and pigs slaughtered in abattoirs were examined for the presence of tuberculous lesions according to the previously described procedure (Pavlik et al., 2002d) . Previous examinations that had been carried out were insufficient and so a detailed veterinary-meat inspection was performed. Suspect organs, adjacent lymph nodes, and regional lymph nodes were incised. Caseated or calcified nodules of various sizes and shapes (most commonly form the size of a poppy up to a pinhead) were noted as tuberculous lesions. All the adjacent organs or parts of the lymph nodes with tuberculous lesions were condemned: for example the intestine was condemned if tuberculous lesions were present in mesenteric lymph nodes and the head was condemned if tuberculous lesions were present in head lymph nodes. When the tuberculous lesions were found in parenchymatous organs or in the head and mesenteric lymph nodes concurrently the whole bodies of animals were adjudged to be conditionally edible after processing, i.e. only as raw material for heat treated products (Pavlik et al., 2002d) .
Culture examination for mycobacteria
Collected biological material was either cooled to 4°C and immediately shipped to the laboratory for examination, or samples were frozen to -20°C and delivered to the laboratory within 2 to 3 weeks after collection. Culture examination for the presence of mycobacteria was conducted in the following two laboratories: the Reference diagnostic laboratory for animal tuberculosis of the State Veterinary Institute in Prague, and the Laboratory for Mycobacteriology of the State Veterinary Institute in Brno. The procedure of laboratory examination for mycobacteria has been described previously (Fischer et al., 2000) . Only one sample from each animal was examined (respective lymph nodes, parenchymatous organs or their mixed samples).
Identification of mycobacterial isolates
Isolated mycobacterial isolates were examined by Accu Probe (Gen-Probe Incorporated, San Diego, California, USA) with probes for M. tuberculosis complex, M. avium and M. intracellulare isolates. The isolates of M. avium complex were further identified by serotyping (Wolinsky and Schaefer, 1973) modified by Süssland and Hrdinova (1976) , or by the PCR method for IS901 detection (Kunze et al., 1992; Pavlik et al., 2000) . Isolates that could not be determined by the above described methods were assessed using biochemical methods (Wayne and Kubica, 1986) . Only one isolate from each sample was examined. Virulence of 10 M. a. avium and 10 M. a. hominissuis isolates in the year 2000 was studied after the intramuscular infection of pullets with 1 to 5 mg of bacterial wet substance per kg of life weight .
RESULTS
Tuberculin test in cattle
Between 2000 and 2004, a total of 2 419 889 skin tests with bovine tuberculin were performed. A positive response was detected in 123 (0.005%) animals. The most commonly performed tests were simultaneous skin tests (bovine and avian tuberculins) with animals giving a positive response to bovine tuberculin being slaughtered. Simultaneous skin tests were performed in 40 349 animals; 43 (0.1%) of them gave positive response (Table 1) .
Tuberculous lesions in cattle
From a total of 1 967 211 slaughtered cattle, tuberculous lesions were detected by veterinarymeat meat inspection in 209 (0.011%) of them; incidence of tuberculous lesions detected during the whole period ranged between 0.009% and 0.016% (Table 2) .
Laboratory examination of samples from cattle
In all 23 lymph nodes with tuberculous lesions granulomatous inflammation was diagnosed by histopathology examination. Tissue samples from 188 animals were examined; culture examination for mycobacteria was positive in 38 (20.2%) of them. (Table 3) .
Tuberculous lesions in pigs
Laboratory examination of samples from pigs
In all 39 lymph nodes with visible tuberculous lesions granulomatous inflammation was diagnosed isolates were identified by serotyping according to Wolinsky and Schaefer (1973) (Table 1; Pavlik et al., 2002d) . However, from 1996 onwards, the number of animals examined by culture was lower than the number of animals with detected tuberculous lesions (Tables 2 and 3 ; Pavlik et al., 2002d Pavlik et al., , 2003 . That situation can be viewed as non-sufficient from the aspect of potential detection of the pathogen causing tuberculous lesions in cattle.
It is evident from the results obtained by laboratory examinations of tissues shown in Table 2 that the number of animals with detected tuberculous lesions was higher than the number of animals examined in the laboratory. It is necessary to view this fact as highly risky, similarly as in the previously analysed period between 1990 and 1999 (Pavlik et al., 2002d) . It is necessary to consider absence of any M. tuberculosis complex member in the examined samples as highly favourable from an epidemiological aspect (Table 2 ). It is well-known that M. tuberculosis was isolated e.g. from cattle and pigs in the other states of Central Europe (Pavlik et al., 2002a (Pavlik et al., ,e, 2005 and M. africanum was isolated from one antelope in Croatia .
The number of animals with tuberculous lesions did not exceed 0.37% (Table 3) in any of the monitored years; this can be viewed as highly favourable in comparison with the previous decade (Pavlik et al., 2002d . Decreasing trend of prevalence isolates identified by serotyping according to Wolinsky and Schaefer (1973) modified by Süssland and Hrdinova (1976) ; 2/8 and 8/9 (mixed serotypes were detected) 4 virulence for pullets after the intramuscular infection was tested in 10 isolates, which were fully virulent and caused miliary tuberculosis in parenchymatous organs during the 4 to 8 weeks period 5 virulence for pullets after the intramuscular infection was tested in 8 isolates, which were partially virulent for pullets and caused tuberculous lesions only at the point of inoculation after 8 weeks period 6 virulence for pullets after the intramuscular infection was tested in 25 isolates, which were partially virulent for pullets and caused tuberculous lesions only at the point of inoculation after 8 weeks period other spp. = M. terrae, M. chelonae, M. phlei, M. fortuitum etc. were isolated nt = not tested due to auto-agglutination or the growth in R form of tuberculous lesions in respective herds from 0.37% in 2000 to 0.10% in 2004 (Table 3) gives evidence of effective prevention against animal contamination with atypical mycobacteria from the environment in respective pig herds. More frequent findings of tuberculous lesions in pigs in comparison with cattle might have been caused by higher susceptibility of pigs to mycobacterial infections as observed in our previous studies (Pavlik et al., 2002d . Detection of M. avium complex members prevailed in both animal species: M. a. avium was most commonly isolated from cattle; the sources of this pathogen are particularly free living birds. M. a. hominissuis was mostly isolated from pigs; the source of this pathogen is particularly contaminated external and stable environment: drinking water, feeds, and feed supplements such as peat and kaolin (Engel et al., 1977; Songer et al., 1980; Windsor et al., 1984; Gardner and Hird, 1989; Horvathova et al., 1997; Dürrling et al., 1998; Matlova et al., 2003 Matlova et al., , 2004a Matlova et al., , 2005 Trckova et al., 2004) . Various small terrestrial mammals and invertebrate species are further reservoirs of M. avium complex associated with cattle and pig infections (Fischer et al., 2000 (Fischer et al., , 2001 (Fischer et al., , 2003a (Fischer et al., ,b, 2004a . During the entire monitored period, miliary or generalized tuberculosis was not observed in any of the animals. Due to prevention of atypical mycobacteria occurrence in pig herds, the frequency of findings of tuberculous lesions in pigs was reduced.
Tuberculoid lymph node lesions both in pigs and cattle may be also caused by other bacterial species such as Rhodococcus equi (Dvorska et al., 1999) . Prevalence of R. equi and atypical mycobacteria in the lymph nodes of pigs and cattle was studied in the Czech Republic during the period 1996-1999 (Dvorska et al., 1999; Pavlik et al. 2003) . R. equi alone was isolated from 8.8% of pigs, and in another 2.8% of pigs and 1.7% of cattle in a mixed infection with atypical mycobacteria. The frequency of R. equi was higher in pigs than in cattle (Dvorska et al., 1999) . Isolation of R. equi from mesenteric lymph nodes predominated in both animal species (Dvorska et al., 1999; Pavlik et al. 2003) .
The use of bran as alternative bedding, instead of frequently contaminated sawdust, poses a risk of infection to piglets (Fischer et al., 2004b) . Bran contaminated with atypical mycobacteria (where mostly M. a. hominissuis was isolated) was spread by beetles of the species Tenebrio molitor in pig herds (Fischer et al., 2004b) .
CONCLUSIONS
From epizootiological, epidemiological, and veterinary-hygienic aspects, it is necessary to adhere to the following measures in the Czech Republic as well as in other countries:
1. Not to use hazardous feeds, feed supplements, and drinking water contaminated with atypical mycobacteria and to prevent cattle and pigs coming in to contact with free living animals (particularly with birds and small terrestrial mammals) as much as possible.
2. To perform thorough veterinary-meat inspection in the slaughterhouses in all slaughtered animals of all age categories.
3. To examine biological material from all tissues with tuberculous lesions (lymph nodes and tissues of parenchymatous organs) from cattle and pigs for presence of mycobacteria by culture, or lymph nodes from animals with positive response in tuberculin skin test, even if gross lesions are not observed.
4. To assume that M. tuberculosis complex members other than M. bovis and M. caprae can occur in animals.
